Diabetes is a major public health problem worldwide. Depression is a serious mental condition that decreases mental and physical functioning and reduces the quality of life. Several lines of evidence suggest a bidirectional relationship between diabetes and depression: diabetes patients are twice as likely to experience depression than nondiabetic individuals. In contrast, depression increases the risk of diabetes and interferes with its daily self-management. Diabetes patients with depression have poor glycemic control, reduced quality of life, and an increased risk of diabetes complications, consequently having an increased mortality rate. Conflicting evidence exists on the potential role of factors that may account for or modulate the relationship between diabetes and depression. Therefore, this review aims to highlight the most notable body of literature that dissects the various facets of the bidirectional relationship between diabetes and depression. A focused discussion of the proposed mechanisms underlying this relationship is also provided. We systematically reviewed the relevant literature in the PubMed database, using the keywords "Diabetes AND Depression". After exclusion of duplicate and irrelevant material, literature eligible for inclusion in this review was based on meta-analysis studies, clinical trials with large sample sizes (n ≥1,000), randomized clinical trials, and comprehensive national and cross-country clinical studies. The evidence we present in this review supports the pressing need for long, outcome-oriented, randomized clinical trials to determine whether the identification and treatment of patients with these comorbid conditions will improve their medical outcomes and quality of life.
INTRODUCTION
The global prevalence of diabetes has increased from 4.7% in 1980 to 8.5% in 2014. 1) According to estimates by the International Diabetes Federation, 415 million adults have been diagnosed with diabetes mellitus (DM) worldwide, with a prevalence reaching as high as 8.8%
in 2015. Approximately 75% of these individuals live in low-and middle-income countries where the increase in the number of cases is even higher than the global rate. According to the Non-Communicable Disease Collaboration, in 2016, the highest national prevalence rates were registered in the Oceania region, the Middle East, and North Africa. 1) This increase was even faster in low-and middle-income countries compared to the global rate. According to the Non-communicable Disease Collaboration, in 2016, the highest national prevalence rates were registered in the Oceania region, the Middle East, and North Africa. 1) Most diabetes patients fall into one of two broad categories:
type 1 diabetes mellitus (T1DM) or type 2 diabetes mellitus (T2DM), with T2DM being the most prevalent. Due to the high prevalence of mental disorders among diabetes patients, particularly those with T2DM, 2) the American Diabetes Association guidelines of 2016 recommended that diabetes patients should routinely be screened for mental health problems such as depression, diabetes-related distress, anxiety, eating disorders, and cognitive impairment.
In 2017, the World Health Organization estimated that 350 million people worldwide were affected by depression, a common mood disorder. The hallmark of major depressive disorders (MDD), as stated in "the diagnostic and statistical manual (DSM) of mental disorders (fifth edition)" is the presence of persistent loss of interest or pleasure in activities that the individual normally enjoys, sadness, and despair accompanied by an inability to carry out daily activities, for at least 2 weeks. 3) Depending on the severity of the symptoms, depression can be mild, moderate, or severe.
Several lines of evidence suggest a bidirectional relationship between diabetes and depression. Indeed, a diagnosis with diabetes mellitus increases the risk of depression. In contrast, depression is a well-established risk factor for diabetes in nondiabetic individuals, and it accelerates the occurrence of complications and contributes to poor glycemic control in diabetes patients. In the following sections, we attempt to dissect the different facets of this relationship using evidence from the relevant literature that either supports or refutes depression as a comorbid condition.
PREVALENCE AND RISK OF DEPRESSION AMONG DIABETES PATIENTS
A careful review of the literature reveals a wide variation in estimates of depression prevalence among diabetes patients, depending on the studied diabetes type, patients' age and sex, methods of depression assessment, geographical location, and study design (Tables 1, 2 ). After reviewing 20 relevant studies, Gavard et al. 4) in 1993 estimated the prevalence of depression to be at least three times higher among dia- Several studies differentiated between the prevalence of depression among previously diagnosed and newly diagnosed T2DM patients.
Palinkas et al. 7) in 1991 reported that individuals with previously diagnosed diabetes experienced a significantly higher prevalence of depressive symptoms than those with newly diagnosed diabetes (11.5% versus 3.1%, P<0.05). The higher prevalence of depression may be explained by the psychosocial stress and poor physical health associated with the increasing duration of T2DM and the disease label.
Notably, the prevalence of depression among diabetes patients is not influenced by geographic location. Although Lin et al. 8) in 2008 agreed with the finding that the risk of depression was slightly higher among diabetes patients than among patients without diabetes (ageand sex-adjusted OR, 1.38; 95% CI, 1.15-1.66), they reported that OR estimates between countries were not significantly different (P=0.54).
This finding was supported by a recent meta-analysis of studies conducted in Europe, Asia, and the Americas by Lopes et al. 9) in 2016. In this analysis, the prevalence of depression among patients with T2DM
was higher than among nondiabetic individuals, independent of the geographic location (OR, 2.06; 95% CI, 1.13-3.74; P=0.0174). Contrary to the findings of the previous two studies, Mendenhall et al. 10) in 2014
reported that the prevalence of depression among diabetes patients living in low-to-middle-income countries was higher than the rates es- In addition to the high prevalence of depression among diabetic individuals, diabetes may act as a risk factor for the development of depression. A meta-analysis of 11 longitudinal studies found a 24% increased risk of depression among T2DM patients. 11) In this meta-analysis, diabetes did not predict incident depression in five studies, while it was associated with an increased risk of depression in three studies.
While the aforementioned studies unidirectionally examined diabetes as a risk factor for depression, the remaining three studies included in the meta-analysis further evaluated depression as a risk factor for T2DM, [12] [13] [14] thus highlighting the "bidirectional" nature of the relationship between the two conditions.
This reported notion of a bidirectional relationship between depression and T2DM was further supported by the findings of two additional meta-analyses. In the first meta-analysis by Mezuk et al. 15) 
PREVALENCE AND RISK OF TYPE 2 DIABETES MELLITUS AMONG DEPRESSION PATIENTS
The meta-analysis by Vancampfort et al. 17) in 2015 is distinctive for being the first and most comprehensive to investigate the prevalence of T2DM in patients with MDD. This meta-analysis included 16 previous studies on the topic and showed that the overall prevalence of T2DM 
DEPRESSION AS A MODULATOR OF GLYCEMIC CONTROL
In addition to the potential role of MDD in increasing the risk of diabetes, several studies have found that depression in patients already di- The exact reason why depression contributes to poor glycemic control is not entirely understood. However, it may be related to the effect depression has on self-care behaviors of diabetes patients. A significant negative association between depression and poor adherence to a healthy diet, physical activity, and medications was observed in the cross-sectional study by Lin et al. 26) in 2004, and the meta-analysis by Gonzalez et al. 27) in 2008. In contrast, the same studies reported that compliance with maintaining preventive services for diabetes, such as foot care and screening for diabetic complications, was not significantly different between patients with and without depression.
26,27)

DEPRESSION AS A CONTRIBUTOR TO, AND AN ACCELERATOR OF, DIABETES COMPLICATIONS
Substantial evidence suggests that depression could act as a contributor to, and an accelerator of, the complications of diabetes. A longitudinal study on a cohort of 4,623 primary care T2DM patients followed 
DEPRESSION AND RISK OF MORTALITY IN DIABETES PATIENTS
EFFECT OF TREATMENT ON RELATIONSHIP BETWEEN DEPRESSION AND DIABETES
Based on the above discussion, it can be concluded that depression may negatively affect glycemic control, increase the risk of diabetes complications, and increase the mortality rates among diabetes patients. Accordingly, an effective treatment for depression in this population is warranted, not only to improve depressive symptoms and the quality of life but also to indirectly improve diabetes treatment outcomes and to reduce illness burden. A careful review of the relevant literature showed that three types of depression interventions were extensively discussed in this area: psychosocial, pharmacological, and collaborative care.
One meta-analysis, that included only randomized controlled trials (RCTs), of the effectiveness of cognitive behavioral therapy (CBT) in-terventions on glycemic control among adults with diabetes found a significant reduction in mean HbA1c levels in the CBT group when compared with control groups after treatment for 4 or 8 months (P=0.07 and 0.0001, respectively). 33) Similarly, CBT significantly improved the severity of depression in adults with depression and diabetes after treatment for 4, 8, and 12 months (P=0.0001, 0.02, and 0.001, respectively). However, the effect of CBT on HbA1c was lost after 12 months (P=0.18), despite appropriate booster CBT sessions. 33) This effect may be explained by the fact that the CBT interventions were too short to generate lasting effects or were not customized to the specific needs of diabetes patients. A firm conclusion about the long-term outcomes of CBT cannot be made due to the small number of studies that examined it, encouraging further well-designed RCTs.
The effect of pharmacotherapy on the outcomes of diabetes was first reported by Turkington 34) in 1980, suggesting that imipramine or amitriptyline relieved both depression and diabetic neuropathy of the lower extremities in diabetes patients with depression. Using this study as a template, the effect of different types and classes of antidepressants on both diseases was further studied. Overall, depressive symptoms were significantly improved in the groups receiving pharmacotherapy than in the placebo group; however, the effect on glycemic control varied between the different types of drugs. For example, nortriptyline worsened glycemic control, as indicated by higher HbA1c levels (P=0.5), due to its direct hyperglycemic effect. 35) Moreover, antidepressant treatment with fluoxetine, 36) sertraline, 37) paroxetine, 38) or escitalopram 39) resulted in non-significant reductions in HbA1c levels in the intervention group compared to the placebo group (P=0.13, 0.9, 0.08, and 0.82, respectively), while bupropion significantly reduced HbA1c levels through independent improvements in mood and body composition (P<0.01). 40) In addition to studying the effect of different antidepressants on the relationship between depression and diabetes, the effects of two antidiabetic agents, pioglitazone and metformin, on the outcome of depression were described in the literature. The most recent meta-analysis by Colle et al. 41) CI, 1.5-17.9; P=0.01). The observed association was independent of depression severity at baseline and of any concomitant medication.
41)
Guo et al. 42) in 2014 assessed the effect of metformin on the outcome of depression in a randomized placebo-controlled study of 58 patients with comorbid depression and T2DM. After 24 weeks, metformin improved the cognitive performance of study subjects when compared to the placebo group (P<0.001). The authors additionally reported that depressive symptoms were improved compared to the baseline (P<0.001). In the intervention group, depressive symptoms were associated with HbA1c levels (r=0.618, P<0.01). However, the inclusion of only mild-to moderately depression patients may have limited the results of this study, as the biased exclusion of patients with severe depression harbors the risk of overestimating the effects of metformin treatment.
42)
PROPOSED MECHANISMS UNDERLYING THE RELATIONSHIP BETWEEN DEPRESSION AND DIABETES
A number of mechanisms have been suggested to explain the link between diabetes and depression. These mechanisms include shared inflammatory pathways, dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis, common metabolic effectors like leptin, in addition to a host of environmental, genetic, and behavioral factors.
Inflammation
A growing body of evidence indicates that inflammation is a key shared factor in the bidirectional relationship between depression and T2DM and it has been implicated in the development of both diseases.
The meta-analysis by Haapakoski et al. 43) in 2015, which included 58 studies, observed a significant elevation of the levels of inflammatory biomarkers, such as the C-reactive protein (CRP) and interleukin (IL)-6, in patients with MDD. Moreover, the relationship between inflammation and the risk of future depression was studied by Khandaker et al. 44) in 2014, where they found that elevated levels of IL-6, but not CRP, in childhood (at 9 years of age) increased the risk of future depression (at 18 years of age). In contrast, the role of inflammation in diabetes was extensively validated in a meta-analysis of 19 cohort and nested case-control studies, which found that elevated levels of CRP predicted the development of T2DM (RR, 1.26; 95% CI, 1.16-1.37; P=0.000).
45)
The work of Au et al. 46) in 2014 stands out as a major clinical study to examine the role of inflammation in the comorbidity of depression and diabetes. The authors investigated the association between depressive symptoms and CRP levels with the T2DM incidence in a prospective cohort of 4,955 community-dwelling adults (age ≥50 years).
After approximately 6 years of follow-up, two observations were made.
First, the HR for incident T2DM was the highest among participants with elevated depressive symptoms and high CRP levels (age-and sexadjusted HR, 4.31; 95% CI, 2.70-6.86). Second, after adjustments for comorbidities and body mass index (BMI), the risk of incident T2DM
in participants with elevated depressive symptoms and high CRP levels was attenuated; however, it remained significant (adjusted HR, 2.03; 95% CI, 1.14-3.61).
46)
Herder et al. 47) in 2017 investigated the association between depressive symptoms and biomarkers of subclinical inflammation concerning the type of diabetes. These biomarkers included serum high-sensitivity CRP (hsCRP), IL-6, IL-18, the high-molecular-weight (HMW)/total adiponectin ratio, and soluble intercellular adhesion molecule-1 (sICAM-1). The severity of depressive symptoms was found to be positively associated with hsCRP and the HMW/total adiponectin ratio in T2DM patients (P<0.01 for both), and with sICAM-1 levels in T1DM patients (P=0.035). However, levels of IL-6 and IL-18 were not associated with the severity of depressive symptoms in either T1DM or T2DM patients. The findings of this study strongly indicate that general immune activation may not be linked to depressive symptoms, but rather to specific inflammatory profiles. However, the lack of a nondiabetic control group may have critically limited the practical implications of these findings.
47)
Hypothalamic-Pituitary-Adrenal Axis
Ample evidence exists to support the involvement of the HPA axis in the pathogenesis of both depression and diabetes. One meta-analysis found that depression was associated with dysregulation of the HPA axis, resulting in higher cortisol and adrenocorticotropic hormone levels, and lower corticotropin-releasing hormone levels. 48) One of the key strengths of this meta-analysis was the inclusion of more than 400 studies, which effectively neutralized the fundamental sources of heterogeneity in the literature related to this concept, such as how the HPA axis was assessed, and the various participants' demographic and clinical factors. Other studies have supported the role of HPA axis dysregulation in diabetes, as diabetes patients were found to have higher levels of cortisol before and after the dexamethasone suppression test, 49) as well as a flatter diurnal cortisol curve with evidence of a blunted cortisol awakening response and a less steep slope throughout the day. 50) To the contrary, the longitudinal cohort study by Spanakis et al. 51) in 2016 reported that none of the aforementioned changes in the components of the diurnal cortisol profile were significantly different between diabetic and nondiabetic participants over a six-year period after adjustment for confounding factors like the subjects' age, sex, and use of medications that may impact HPA axis function.
In an effort to explain the relationship between cortisol levels, insulin resistance, and depression, Yokoyama et al. 52) However, other studies have investigated whether HPA axis hyperactivation in depression and/or diabetes may be due to variants in the HPA axis-related genes. For instance, the systematic review by Gragnoli 53) in 2014 identified the MC4R, NR3C1, and NR3C2 genes as risk genes in both T2DM and depression.
Leptin
Other researchers have suggested a role for leptin in the association between depression and diabetes. Leptin is a protein that is mainly produced by adipocytes and is responsible for the regulation of appetite, energy, and body fat and water composition. 54 To investigate the role of leptin in depression associated with diabetes, levels of leptin were recently measured by Haleem et al. 58) in 2017 in different BMI groups of diabetes patients with and without depression and were compared with the levels in age-matched healthy normal-weight volunteers. The study found a weight-dependent increase in leptin levels in diabetes patients with and without depression. In normal-weight diabetes patients, leptin levels were significantly lower in the depression group than in the non-depression group (P<0.05 in men and P<0.01 in women). In contrast, leptin levels were higher in obese men with diabetes and concomitant depression than in their non-depression counterparts (P<0.01). Moreover, leptin levels were higher in men with diabetes than in those without diabetes (P<0.01).
Notably, none of the differences were significant in women.
58)
Genetic Factors
Several studies have attempted to explain the relationship between depression and diabetes through the presence of a common genetic variant that predisposes individuals to both conditions. For example, 
